1/5 s<— V 



Method and arrangement for controlling the rpm of a drive unit 



Publication date: 
Inventor(s): 



Patent Number: 



US2002062814 
2002-05-30 

WEISS RUEDIGER (DE) 



Applicants): 

Requested Patent: JP2002191192 

Application Number: US2001 0962204 20010926 

Priority Number(s): DE20001 047502 20000926 

IPC Classification: F02N1 1/00; F02D43/00 

EC Classification: F02D41/06D; F02N17/00C2; F02P5/15B4; F02P9/00A1 

Equivalents: DE10047S 02. ITMI2001 1 982 



The invention is directed to a method and an arrangement for controlling the rpm of a drive unit. During 
run-up of the engine to idle after start, a desired rpm is pregiven and an actual rpm is detected for 
forming the course of rpm. An electric machine is driven in dependence upon the deviation between the 
desired rpm and the actual rpm. With respect to the engine, the electric machine outputs braking and 
driving torques 



FIELD OF THE INVENTION 

[0001] The invention relates to a method and an arrangement for controlling the rpm of a drive unit. 
BACKGROUND OF THE INVENTION 

[0002] The course of the rpm is an important criterion especially during the start of a drive unit. The 
objective is to obtain a highest possible gradient when running up the motor and achieve a defined, 
reproducible overshoot of the rpm beyond the steady-state desired rpm for a uniform transient effect 
into the idle range. For this reason, measures are taken during the start phase which produce such a 
desired rpm behavior. This applies also to internal combustion engines wherein, as a rule, this is 
undertaken by controlling the air supply to predetermined start values and by controlling (open loop 
and/or closed loop) the rpm in accordance with the desired rpm trace by shifting the ignition angle. An 
example of such a procedure is provided in German patent publication 199 39 821. Because of the 
influencing of the ignition angle to form this rpm course, the ignition angle cannot be set to its optimal 
value (for example, with respect to the heating of a catalytic converter). Furthermore, such functions 
must also be considered in the start phase so that the flexibility for controlling the course of the rpm is 
limited. Additionally, the control of the rpm course is made more difficult by disturbing quantities which 
are superposed by the on and off switching of additional consumers such as a rear window heating, 
sen/o pump, et cetera and can considerably affect the course of the rpm. 

[0003] A procedure is known from German patent publication 198 42 496 wherein an electric machine 
(starter generator) is mounted in the region of the drive train. With the actuation of the electric machine, 
an internal combustion engine can be influenced with respect to the rpm by the power output or the 
power take-up of the electric machine. In the known solution, this effect of the electric machine is 
utilized to adjust the synchronous rpm when shifting the vehicle transmission. 

[0004] A torque-based control system for an internal combustion engine is presented in German patent 
publication 197 39 567. Here, a desired torque value is formed by coordinating different torque 
requests. In the above-mentioned embodiment, the desired torque value is converted into a desired 
torque value for the air path and a desired torque value for the more rapid crankshaft synchronous path 
(for example, ignition angle). The torque change requests (at least the dynamic portions of additional 
functions such as an idle control) are superposed on the last-mentioned desired torque value. In one 
embodiment, the resulting desired torque value is realized by shifting the ignition angle. 

SUMMARY OF THE INVENTION 

[0005] A satisfactory configuration of the rpm course is achieved by driving an electric machine (starter 
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generator) in the start of the internal combustion engine. The electric machine influences the rpm of an 
internal combustion engine by taking up power and by outputting power. It is especially advantageous 
that air supply and ignition angle setting are adjusted uninfluenced by the rpm control exclusively in 
accordance with exhaust gas considerations especially of an effective heating of a catalytic converter. 
[0006] The dead time of the system is reduced in an especially advantageous manner by the rapid 
intervention via the electric machine. In this way, the desired rpm course is better maintained which 
increases reproducibility and is therefore advantageous also with respect to comfort for the driver. 
[0007] In an advantageous manner, the control parameters of the internal combustion engine, namely 
ignition and charge, are designed for a reliable starting performance of the thermal reaction heating of 
the catalytic converter; whereas, the electric machine takes up excessive torque in the start phase or 
supplies missing torque to maintain the desired rpm course. 

[0008] In an especially advantageous manner, unpredictable disturbance quantities such as the on or 
off switching of a rear window heater or a servo pump are rapidly compensated by corresponding 
control of the electric machine and via its positive torque. The rear window heating or a servo pump 
today lead to noticeable drops in rpm. 

[0009] In an advantageous manner, the request for torque by the electric machine is formed on the 
basis of the deviation between a pregiven desired torque and the actual torque. In this way, and in an 
advantageous manner, the intervention of the electric machine in the sense of increasing torque or 
reducing torque is considered in the torque orientated control structure of an internal combustion 
engine. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The invention will now be described with reference to the drawings wherein: 
[001 1] FIG. 1 is an overview block diagram of a control unit which controls an internal combustion 
engine and an electric machine. The electric machine is so mounted that it can supply torque to the 
engine or can take up torque from the engine during a braking operation; 

[0012] FIG. 2 shows a flowchart presenting a preferred embodiment for influencing the electric machine 
to form the rpm course during the start phase; 

[0013] FIG. 3a is a graph showing the desired rpm and actual rpm plotted as s function of time; and, 
[0014] FIG. 3b is a graph showing the starter generator torque plotted as a function of time. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION 
[0015] FIG. 1 shows a control arrangement for a multi-cylinder internal combustion engine 10. The 
control arrangement includes an electronic control apparatus 12 which includes at least one 
microcomputer 14, an input circuit 16, and an output circuit 18. Input circuit 16, output circuit 18, and 
microcomputer 14 are interconnected via a communications bus 20 for the rtiutual exchange of data. 
Input lines 22, 24, 28, 30 and 56 to 60 as well an additional input line 76 all lead to the input unit 16. 
The line 22 originates at a measuring device 32 for detecting the accelerator pedal position and the line 
24 comes from the measuring device 34 for detecting the engine rpm and the line 28 originates from a 
measuring device 38 for detecting a quantity representing the engine load. In the preferred 
embodiment, the line 30 represents a communications bus from at least a further control unit 40 for at 
least one of the following: a drive slip control, a transmission control and an engine drag torque control. 
Depending upon the embodiment, to detect the quantity representing the engine load, air mass 
sensors, air quantity sensors or pressure sensors are provided for detecting the intake manifold 
pressure or the combustion chamber pressure. The input lines 56 to 60 originate from measuring 
devices 62 to 64 via which additional quantities of the drive unit and/or of the vehicle are supplied such 
as engine temperature, road speed, signals from knock sensors, et cetera. A quantity (for example, 
current) is supplied from an electric machine 70 via the input line 76. This quantity represents the 
torque take-up of the electric machine 70 or the torque output thereof. 

[0016] An output line 42 is connected to the output unit 18 and leads to an electrically actuable throttle 
flap 44 which is mounted in the air intake system 46 of the internal combustion engine. Furthermore, 
output lines 48, 50, 52, 54, et cetera are shown, which are connected to actuating devices for fuel 
metering in each cylinder of the engine 10 or function to adjust the ignition angle in each cylinder. In 
addition, a controllable electric machine 70 (for example, a starter generator) is provided which is 
driven by the control unit 12 via the output circuit 18 and the output line 72 shown. The electric machine 
70 is connected to the engine 10 and especially to the output shaft 74 thereof so that it can supply 
additional torque by acceleratingly driving the elecric machine or take up additional torque by brakingly 
driving the electric machine. An example of such an arrangement is known from the state of the art 
referred to initially herein. 

[0017] The control of the engine as well as of the electric machine takes place in the context of 
programs which are implemented in the computer unit 14. In the preferred embodiment, a torqu 
orientated motor control is realized by these programs, such as in the state of the art. This means that 
a driver command desired torque is pregiven on the basis of the driver command (accelerator pedal 
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position) as well as additional operating quantities if required. This driver command desired torque is 
coordinated with other desired torque values which originate, for example, from other control units or 
from internal functions of the control units. A resultant desired torque is generated which is adjusted by 
adjusting the air supply to the engine and/or by adjusting the ignition angle or the fuel mass. External 
functions include, for example, drive slip controls, stability programs, transmission controls, et cetera; 
whereas, internal functions include, for example, rpm limiting, torque limiting or roadspeed limiting. If 
required, the output signals of additional functions (such as an idle controller or an antibucking control) 
are superposed (for example, added) onto the resulting desired torque value. These functions require 
also a dynamic rapid change of the torque. For this reason, the dynamic component is superposed on 
the desired torque for the crankshaft synchronous path. The resulting desired torque, which is, if 
required, increased or lowered by additional components, is then converted into a pregiven ignition 
angle and/or a fuel metering setting. The static component is added to the driver command torque 
which is then converted into a corresponding adjustment of the air supply. 

[0018] An electric machine such as a starter generator is mounted in the vehicle in such a manner that 
it can apply torque to the engine. With this electric machine, a further degree of freedom for controlling 
the vehicle is made available. This further degree of freedom is utilized hereinafter in the context of a 
start phase to form the course of the rpm. Driving the starter generator takes place in such a manner 
that there is a control to a defined pregiven rpm course when the engine is started. The starter 
generator drags the engine up to its self-running in the sense of a starter, that is, up to a pregiven rpm 
threshold such as 300 rpm. Thereafter, the control unit controls the starter generator so that the 
pregiven rpm course is maintained by positive (driving) and/or negative (braking) torques on the engine 
by the starter generator. The control unit forms the difference between the pregiven desired rpm course 
and the measured actual rpm of the engine. If the desired rpm is below the actual rpm, then the starter 
generator is driven in a braking operation in order to reduce the rpm of the engine by the additional 
superposition of torque thereon. If the actual rpm is below the desired rpm, then the starter generator is 
so driven that it outputs torque to the engine and, in this way, increases the rpm. In one embodiment, 
asynchronous machines or permanently excited synchronous machines have been shown to be 
suitable with the view to the required rapidity of the intervention of the electric machine and the wanted 
reduction of the dead time. 

[0019] During the starting phase, the parameters ignition, fuel mass and charge (air) of the engine are 
adjusted so as to be optimal with respect to exhaust gas, especially in such a manner that a reliable 
starting performance of the thermal reaction for heating the catalytic converter takes place. 
[0020] Depending upon the embodiment, the starter generator control is switched off with the 
conclusion of the starting phase when the rpm has settled down to the idle desired rpm. Or, in another 
embodiment, the starter generator control is continued during the idle rpm control. The steady-state 
component of the idle rpm controller (for example, the I component) operates, as previously, on the 
steady-state torque adjustment via the air supply or determination of the fuel mass; whereas, the 
dynamic components (for example, the P component and/or the D component) correct the torque of the 
engine via the electric machine in dependence upon control deviation. The use of an idle rpm control 
component, which influences the ignition and/or the fuel supply, is then superfluous. 
[0021] With a view to the torque orientated control structure of the internal combustion engine, there 
then results an inclusion of the positive or negative torque, which is requested by the starter generator, 
corresponding to the inclusion of the dynamic output of the idle control by superposing the value onto 
the desired torque for the crankshaft synchronous path. 

[0022] A preferred embodiment of the described procedure is shown in FIG. 2 with respect to a 
flowchart which represents a preferred embodiment of the described procedure as a program of the 
computer unit of the control unit 10. The program is run through in predetermined time intervals after 
the rpm is exceeded up to the end of the start phase and/or during the entire operating cycle of the 
vehicle. 

[0023] In the first step 100, the desired rpm Ndes and the actual rpm Nact are read in. In the start 
phase, the desired rpm is pregiven as a time interval in dependence upon the time elapsed since the 
actuation of the starter generator or the starter and, after ending the start phase, the desired rpm is 
pregiven in dependence upon operating quantities such as engine temperature, road speed, rpm, et 
cetera. In the next step 102, the control deviation Delta is formed in accordance with the deviation 
between the desired and actual values and especially their difference. In the next step 104, the drive 
signal taugen for the starter generator is formed in dependence upon the control deviation Delta and is 
outputted to the starter generator controller. The formation of the drive signal in dependence upon the 
control deviation takes place in accordance with a pregiven control strategy. In view of the dynamic of 
the intervention, a proportional component and/or a differential component has been shown to be 
suitable by means of which the control deviation is converted into the drive signal quantity. In a 
preferred embodiment, the drive signal is a pulsewidth modulated signal controlling the current or the 
voltage of the electric machine. In the next step 106, the torque Mgen is determined as a function of the 
engine rpm and/or of the control current or the control voltage. The torque Mgen is requested by th 
drive signal for the starter generator. This torque can be positive or negative depending upon whether 
the electric machine is driven or is braked. In the next step 108, the desired torque value Mides is 
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determined by superposing the determined starter generator torque Mgen onto the resulting desired 
torque Midesres. Here, it is noted that positive starter generator torques are subtracted from the 
resulting desired torque and that negative starter generator torques are added to the resulting desired 
torque. In the next step 110, the parameters, which are to be controlled, are determined in accordance 
with the desired torque Mides, which, if required, is corrected by further quantities. The desired torque 
Mides is formed in step 108 and the parameters to be controlled are, for example, the ignition angle or 
the fuel mass. Thereafter, the program is ended and is run through again at the next interval. 
[0024] The procedure described above is shown by the time diagrams of FIGS. 3a and 3b. FIG. 3a is 
plot of the desired rpm DES and the actual rpm ACT as a function of time; whereas, FIG. 3b shows the 
starter generator torque plotted as a function of time. In FIG. 3b, the driving torque is shown below the 
zero line and the braking torque is shown thereabove. At time point TO, the driver actuates the ignition 
switch for starting the engine. In this case, the starter generator functions as a starter. At time point T1 , 
the self-running rpm threshold of the engine is exceeded. Thereafter, the starter generator is driven in 
the context of the deviation between the desired rpm (shown by the broken line in FIG. 3a) and the 
actual rpm. At first, a large control deviation is present after the time point T1 so that the starter 
generator outputs a large driving torque. Because of the steep rpm increase up to time point T2, the 
control deviation between the actual rpm and the desired rpm is considerably reduced by the driving 
torque of the starter generator as well as by the torque generation of the engine so that the driving 
torque of the starter generator becomes less. At time point T2, the actual rpm is equal to the desired 
rpm so that the starter generator torque is zero, that is, neither driving nor braking. After time point T2, 
the actual rpm exceeds the desired rpm in the context of the rpm overshoot so that a negative rpm 
deviation occurs. The starter generator is thereby switched over into the braking operation and, after 
time point T2 after time point T3, generates a braking torque dependent upon the deviation between 
the desired rpm and the actual rpm. At time point T3, the actual rpm again drops below the desired rpm 
so that a driving torque is required to bring the actual rpm to the desired rpm. After switchover, the 
starter generator generates only a low driving torque during driving operation as a consequence of the 
low control deviation. As a consequence, the rpm swings into the desired rpm value. 
[0025] It is understood that the foregoing description is that of the preferred embodiments of the 
invention and that various changes and modifications may be made thereto without departing from the 
spirit and scope of the invention as defined in the appended claims. 

Data supplied from the esp@cenet database - 12 

Claims 

What is claimed is: 

1 . A method for controlling the rpm of a drive unit, the method comprising the steps of: 
inputting a desired rpm for an internal combustion engine; 

detecting an actual rpm; 

forming at least one output signal for controlling said engine; 

forming an output signal for controlling an electric machine which applies a torque to said engine; and, 
during the start phase of the engine, driving said electric machine in dependence upon the deviation 
between said desired rpm and the actual rpm of said engine. 

2. The method of claim 1 , comprising the further steps of: 

operating said electric machine during a braking operation or during a drive operation; 
taking up torque from said drive unit during drive operation; and, 

for an rpm below said desired rpm, operating said electric machine in drive operation and, for an actual 
rpm above said desired rpm, operating said electric machine in braking operation. 

3. The method of claim 1 , wherein said electric machine is a starter generator. 

4. The method of claim 1 , comprising the further step of driving said electric machine in dependence 
upon the rpm after ending the starting operation. 

5. The method of claim 1 , comprising the further steps of: 

inputting a desired torque value for controlling said internal combustion engine; 

converting said desired torque value into an actuating quantity for controlling said internal combustion 

engine; and, 

superposing the torque introduced or consumed by said electric machine onto th desired torque. 

6. The method of claim 5, wherein said actuating quantity is at least one of the ignition angle and the 
fuel mass. 



file://C:¥Documents%20and%20Settings¥Owner¥My%20Documents¥espacenet¥JP... 2003/06/25 



5/5 ^— 5/ 



7. The method of claim 6, wherein a braking torque of said electric machine is added to the desired 
torque and a driving torque is subtracted from the desired torque. 

8. The method of claim 1 , wherein the rpm-dependent drive of the electric machine takes place also 
outside of the start phase. 

9. The method of claim 1 , wherein the rpm-dependent drive of the electric machine takes place in the 
idle state of the engine. 

10. The method of claim 9, wherein the idle control is substantially replaced via the ignition angle. 

1 1 . The method of claim 1 , wherein the charge and/or ignition control is adjusted for optimal exhaust 
gas independent of said deviation. 

12. A method for controlling the rpm of a drive unit, the method comprising the steps of: 
inputting a desired rpm for an internal combustion engine; 

detecting an actual rpm; 

forming at least one output signal for controlling said engine; 

forming an output signal for controlling an electric machine which applies a torque to said engine; 
providing an idle rpm controller for the rpm of said internal combustion engine with said rpm controller 
having at least a steady-state component and at least a dynamic component; 
causing said components to generate output signals in dependence upon the deviation between 
desired rpm and actual rpm; and, 

causing the output signal of said steady-state component to act upon the air supply or the fuel mass to 
be injected for steady-state torque adjustment while causing the output signal of said dynamic 
component to operate on the torque of said electric machine. 

13. An arrangement for controlling the rpm of a drive unit, the arrangement comprising: 
a control unit including: 

means for detecting the rpm of an internal combustion engine; 
means for forming a desired rpm; 

means for generating output signals for controlling at least an actuating variable of said internal 
combustion engine and an electric machine which applies a torque to said engine; and, 
means for driving said electric machine during the starting phase of said engine in dependence upon 
the deviation between said desired rpm and the actual rpm. 

14. An arrangement for controlling the rpm of a drive unit, the arrangement comprising a control unit 
including: 

means for outputting a desired rpm for an internal combustion engine; 
means for detecting an actual rpm; 

means for forming at least an output signal for controlling said engine and an output signal for 
controlling an electric machine which applies a torque to said engine; 
an idle rpm controller for the rpm of said engine; 

said idle rpm controller including at least a steady-state component and at least a dynamic component; 
said steady-state component including means for generating a first output signal in dependence upon a 
deviation between said desired rpm and the actual rpm; 

said dynamic component including means for generating a second output signal in dependence upon 
said deviation between said desired rpm and the actual rpm; 

means for applying said first signal to the air supply or to the fuel mass to be injected; and, 
means for causing said second output signal to operate on the torque of said electric machine. 
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6*5ctl^ffi*-a^y M 8 tlTI^S. Xt}=L 

—y b l 6, h l 8*3it;v-ri7un>tfi 

i A\msm<D^-^^m<Drz.mzmmnx 2 o£ 
ivL-xmmzm^znx^o ?<ts^-y M611, a 

*M>2 2, 24, 28, 3 0, ?2.*>XP,Z 5 6 

6 0, ^e»t«C^-frct»3fillCDA*7-r>7 6^#^&^ 

n-ct^s. ^>2 2«^^&«»rr 

-5}fc©©S!J£glB3 2 3^6, ^ > 2 4 fi*3IIIEI®iS 
^©©iflMgg 3 4^*,, ^ > 2 8 

ft^^fct^isisaicrr-sfefeoaa^B 3 8 ^ e> , 

> 3 0 Ji4>&< 1 ^CD^-OfiilOftlJfflla^ly h- 4 0 , 

-c^z>o mm&m*my?&m:ws£irz>rc.#>\z, mm 
mmzfevx^tven. mmmmsm^ mii 
it-, *fc«KM^ffi**fe{^6^E**as5rr§fca6 
oEEij±.>wmi*>nx^%. xii^ > 5 6 

6 0l«St6 2&l^L6 4^£>fflT^T, 
>5 6^U6 0S:^bT, #&ISMS, 



(4) #im 2002-191192 

6 

;i^©§m9&t^L Wl^©#^£Sfr-rg:8t 

e. c cd j; o t&m&m < z &mwtimk wx. 

[0 0 16] tfrfcl^y bl %\zmijy 4 > 4 2tjmSl 
tB*5< >4 2 tirtKM©!S&$4 6 |*]Kgeg 

^^<>4 8, 50, 52, 5 4^75^$n, ;me>© 
>«F*g«n 1 0 ©=§->'j >^fc*stt*(fei& 

m$M7 otz^vmwdmsmmtt., wm=L-y bi 2 

K«k0ta*igP6l 8*5<fctJ!0^©a*5'f>7 2&^L 

xtmtsnzo z.<Dm&. ®mm&7 oa, «m«© 
1 0 tciijp b)i>? isfatimm 1 0 & e,itiD b 

^*«*0^ri6«RJ:5fc, F«9jHStlHl 0, #£■€-©& 

[0 0 17] rt»M^6mr«^*S©ftP«, tiff 
i^yM 4 [*IT?Hff tf^AcoimftXftt) 

o . mz&BiZTjk-znx^zj: o \z bju^mmmm 
w^$n-s, z.tu3~ H^-r/\*©#M 

5-r/i©f&a@^h;^^^$n, c©i*7-fA©« 

«©rtasBM&^6tHT^»45«i©ist bwrntwrnzn 

mmb)v>7im±izftz>. flmmtvx, m^mm 

1r-^ftM i£S©<k 5^-€-©ft!l©^«6©ttl^0#*sa^ 

fssai^: bwmt* hm$c?z> ©t, iwwwwt^ 5 

imzn. fe^w^z^mm<Dttimm\zmik 
[0018] **i*Ji*artWiM^h;^*-^A*c;t*to!r 
»^sm^«^fc<i; 0 , *i^«!lP©fe©©ffe© i iS*^ 
j» ©^©fe©©j&ibia@©iSiBi*ii?5Fi]ffl$ti-5. d©« 



7 

imimsmmcmm*. ?mm%<om}mz&^ 
T%&2ntam<Dm&mmMiz%m-2tiz> & o \zn 

f *. -©«^ mm^-y m*. ftjjKaHw©»r£©B 

ftjMW^©iiiB Nk? ©*b£**i-fc:«J: B « 
* *l§.7L.t)^Z.<D& o iz UTft*£&l8©lIPlE>$g£±l* 

[0019] nm&scomz. tut©« 

[0020] asBgiBKysuTWi-en. thwmm^m 
jtmz, tmmmwumT^ wmsmizmcvrc. 
£%)zmh3ffi§mmmi)W±-2n. tut\m,<D$m 
im\z^xur^ ^)]msMmm<Df^w^n 

[0021] Lrdfi^x. m&mnhjvpftfaffimm 
n© v)v>7<mx\^ ri h u ytrwmm&m&wi 
)Vif\zt<Dm^mu-^t>^ z tiz£vnt>nz>o 

[0 0 2 2] ±IB©^0$fSL^Hfi£^^. 02 
Id, ±l20*feO^^L^^iifi^^^f!lf|^«y h 1 0 

osstiT^s. ^©^nyyAii @t3£&d'S*[a] 

[0 0 2 3] 7cry-?\ 0 O&bUT, g^IsflSS^N 
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SOLL;fe«ktfSgiKEflE*«N I STj&qtta&atfiS. 

USIbgB©ff^&k:&)A UfcBSM© W 

k*^t«, *m&£> wmmmv&o-tz 

1 0 2 Kii^T, g«4l£3aRm£©m©{B& «rfc-t 

^-bT^«)5fe«^m^»gB[ctti*$n§o ^©* 
fflmtt\z&-3^-cftt>nz>» ^omm^nmx, 

ffi©H2&£LT&s£2n-5o e©wi^«, «stms^ 

m b)l?MM I SOLLAS, ^5g^nfc^»!5te«^««l 
l-;Pi7MGENS:-a-fi5tg^h;U^MI SOLLRESlI 
fife^fcl*£;i£fCj:»?$fe$&*tt-5. '©#^-, IE©^ 

^<h{r&g-r^#i?*s„ ■€-tif^<x^^^i i o\z 

30 *3i^T, ^ i ^tLtd,zmteotimznz>rt7*— 
[0024] m3iz±m<Dj?mmm£imizj:07fi2n 

Tl/^-So 03© (A) \ZB%%m££MSOLLi$<£zm 

cb) \zimfffi5m®h)wud<m$mg&7fitsti 

40 Tt/i-So ei©#a-, 0 3© (B) l3*^iT0*©Tfl»r 

■abh;^^, o^©±fiy^yi/-=^ • hMi^sn 

^»xrt«s^©e*ig*K©[H«E^u*vHWij^en . 
reft*, j £<Dmzi&w>3Emmm& mmmmm. 
(03© (a) \z7K2tiT^%) tm&ms&mtzvm 
<Dmmv>imft-c®ft2nz>. p»/hk 1 1 ©©•& 

UT^S ©if, #}»3fcitfgm$i 
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2 (Dco-h \z$mm£^\zmB&m*-n-i/^- v <d 
mzwvm^zn, &om&t 2<D<D^^t 3 ire, 

gfflmmmmzwjtcrz. 
[Bii] fttimmt. pMmHtzhw&vmzjmiit 



[02] ^SiiagOKfClinB^lii^fi£tSfe«6cD 

[03] fem^ftwTiwwgrafco, (a) ici* 
Eiigjigs o l Lte&zfmzmam. 1 s Tommum 
trnmn. (b) c^»^mfstifi8h^Mdmf!B 

[&#©&"»] 

7*7 1 0 
1 2 
1 4 
1 6 
1 8 
3 2 
34 

3 8 

4 0 
44 

^7 46 

6 2, 

7 0 

7 4 ftjjm 



6 4 ayjggfi (^©fiscDii^ifc) 



[01] 



[02] 



■mi ww» 



-24 



14 \ 1» 



r 



48 80 



::© 
:.-© 



T" 

76 



MR 



'4 mam 
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(51) Int. CI. 7 
F0 2D 



F02P 
HO 2P 



41/02 
45/00 

5/15 
9/08 



mm* 

3 3 0 
3 2 2 
3 3 0 



F I 

F 0 2 D 41/02 
45/00 

H 0 2 P 9/08 
F 0 2 P 5/15 



3 3 OZ 
322C 
3 3 0 

A 
E 



(8) 

13 



3G022 CA01 


CA03 


EAOl 


FA04 


GA05 


GA06 


GA07 


GA08 


GA09 


GA12 


GA13 


GA15 


GA19 


GA20 




3G084 BAOO 


BA02 


BA03 


BA29 


CA01 


CA03 


DA09 


DA10 


DA39 


EB12 


EC03 


FA05 


FA06 


FA07 


FA10 


FA11 


FA20 


FA21 


FA2B 


FA26 


FA?Q 


1/VvW 








owjyo AAUO 


A A 1 C 


BA02 


BA14 


BA20 


BA33 


CA01 


CA04 


DA01 


DA03 


DA05 


DA06 


DA09 


DA12 


DB05 


DB12 


EA02 


EA03 


EA05 


EA06 


EA13 


EB08 


EC02 


FA07 




3G301 HA01 


JA04 


JA37 


KA01 


KA07 


LB02 


LCOO 


MA12 


NA07 


ND05 


ND07 


NE24 


PA01Z PA07Z 



PA11Z PA17Z PC01Z PE01A 
PE01Z PE06A PE08Z PE09A 
PE09Z PF01Z PF12Z PF13Z 
PF14Z 

5H590 AA02 AA28 CA07 CA23 CC02 
CC08 CE05 EA10 EA19 EB18 
HA27 JA02 
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